Objects Carbon monoxide (CO) is suspected of playing a major role in cigarette smoke-induced cardiovascular diseases. Hypertension is one of the common chronic cardiovascular diseases that lead to heart attacks, strokes, chronic heart failure, and chronic renal failure. We aimed to investigate the immediate effects of passive smoking on blood pressure and heart rate during and after exposure in healthy females. In addition, we examined that whether carboxyhemoglobin (COHb) levels were correlated with heart rate and blood pressure measurements.
Objects Carbon monoxide (CO) is suspected of playing a major role in cigarette smoke-induced cardiovascular diseases. Hypertension is one of the common chronic cardiovascular diseases that lead to heart attacks, strokes, chronic heart failure, and chronic renal failure. We aimed to investigate the immediate effects of passive smoking on blood pressure and heart rate during and after exposure in healthy females. In addition, we examined that whether carboxyhemoglobin (COHb) levels were correlated with heart rate and blood pressure measurements.
Methods Thirty healthy nonsmoker female volunteers (mean age: 26 ± 5 years) were prospectively enrolled in the study. Systolic and diastolic blood pressure and heart rate were obtained at baseline, 5th, 10th, 15th, 30th minute of exposure and at 5th, 15th, and 30th minute after exposure. Blood samples for measuring COHb were taken at baseline and after spending 30 min in the smoking room from all volunteers. Difference between baseline and second measurements of COHb were described as DCOHb.
Results Mean COHb level was significantly higher at the end of exposure when compared with baseline values (COHb 0.5 ± 0.1 vs. 1.8 ± 0.4%, P < 0.05). Heart rate and systolic blood pressure measurements at 15th and 30th minute of exposure were higher than at baseline and 5th minute of exposure (88 ± 3.2 and 90 ± 3.7 vs. 76 ± 3.9 and 78 ± 4.5 beats/min, P < 0.05; 135 ± 1.1 and 136 ± 4.0 vs. 113 ± 5.7 and 115 ± 3.5 mmHg, P < 0.05). They elevated significantly at the same time interval. Diastolic blood pressure was significantly increased at 30th minute of exposure when compared with earlier measurements (90 ± 5.1 vs. 74 ± 2.2, 72 ± 3.2 vs. 71 ± 4.5 mmHg, P < 0.05). Heart rate and systolic blood pressure decreased notably at 15th minute and returned to baseline values at 30th minute after exposure (80 ± 1.2 and 76 ± 3.2 vs. 88 ± 4.5 beats/min, P < 0.05; 120 ± 4.4 and 115 ± 1.9 vs. 135 ± 2.2 mmHg, P < 0.05). Diastolic blood pressure decreased significantly at 30th minute and returned to baseline values at 60th minute after exposure (75 ± 3.6 and 70 ± 2.5 vs. 89 ± 4.3 mmHg, P < 0.05). Heart rate and diastolic blood pressure measurements were moderately correlated and systolic blood pressure measurements were closely correlated with DCOHb values at the end of the exposure.
Conclusion Our results suggested that passive smoking has remarkable acute effect on heart rate and blood pressure in young healthy females. Beside this, we found that DCOHb level is closely correlated with systolic blood pressure and moderately correlated with heart rate and diastolic blood pressure measurements. 
Introduction
Exposure to passive smoking is a model of environmental risk that is strongly associated with increased cardiovascular morbidity and mortality [1] . The increased cardiovascular risk has been estimated in about one-third of active smokers [2] . It is associated with the development of atherosclerosis, coronary artery disease, and stroke [3, 4] . Deleterious effects of passive smoking on coronary flow reserve and endothelial functions were determined in earlier studies [5, 6] .
Carbon monoxide (CO) is one of the major components of tobacco smoke. It is suspected of playing a major role in cigarette smoke-induced cardiovascular diseases [7] . It binds preferentially with the hemoglobin (Hb) and forms carboxyhemoglobin (COHb). COHb reduces the amount of oxygenated blood, which is circulated to body organs. In addition, CO has direct myocardial effects [8, 9] .
Hypertension is a common chronic cardiovascular disease that leads to heart attacks, strokes, chronic heart failure, and chronic renal failure [10] . In an earlier study, it was determined that passive smoking was associated with masked hypertension in nonsmokers [11] . It was found that remote exposure to heavy second-hand smoke was associated with a history of systemic hypertension [12] .
We aimed to investigate the immediate effects of passive smoking on blood pressure (BP) and heart rate during and after exposure in young healthy females. In addition, we examined whether COHb levels were correlated with heart rate and BP measurements.
Methods

Participants
Thirty healthy nonsmoking female volunteers (mean age: 26 ± 5 years) were prospectively enroled in the study. They had no history of hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease, and left ventricular hypertrophy. All participants had normal BPs at the time of examination. All findings were normal in the physical examination, on resting electrocardiograms, and in echocardiographic evaluation. Participants were not taking any medication.
All participants were in luteal phase of their menstrual cycle. Participants had menstrual cycle lengths that were in the range 24-34 days, with variability of 5 days or less. On the basis of a 28-day cycle, testing took place between days 17-21 for the luteal phase. Sex hormone levels were used to confirm luteal phase; estradiol levels had to be between 40 and 300 pg/ml and progesterone levels had to be not less than 2 ng/ml. This study was approved by the Ethics Committee and the institutional review board of Erciyes University Medical School, and informed consent was obtained from each participant.
Study protocol
All participants were asked to abstain from caffeine and alcohol in the preceding 12 h. Participants were in resting position during the time of the study. First, participants rested for 10 min on wheel chair in smoke-free room before baseline measurements. Then, they were moved using wheelchairs to the next smoking room. Baseline measurement -0 min -was performed immediately. They were exposed to tobacco smoke for 30 min. They stayed on a wheelchair in rest position during exposure. They read a magazine and/or listened to music of their choice. Immediately after passive smoking, participants were moved to the next smoke-free room using a wheelchair. They were also in the resting position for 60 min after exposure. Brachial BP and heart rate were measured in the left arm with an automated digital oscillometric BP monitor (Omron Model HEM-705 CP, Omron Corporation, Tokyo, Japan). Systolic and diastolic BP and heart rate were obtained at baseline, 5th, 10th, 15th, 30th minute of exposure and at 5th, 15th, and 30th minute after exposure. We performed three readings for each measurement and the average values of these three readings were calculated and used for analysis. Blood samples were taken into a heparinized syringe by venipuncture for COHb at baseline and at the end of the exposure.
Differences between baseline and second measurements of COHb were described as DCOHb. Tripotassium EDTA-based anticoagulated blood samples were used to measure mean platelet volume levels to determine platelet activity of participants. High-sensitive C-reactive protein was measured using BN2 model nephlometer to determine the inflammatory status of participants. The expected values for C-reactive protein in our laboratory ranged from 0 to 6 mg/l.
Smoking room
All participants were kept in the smoking room (2.5 m Â 6.5 m with a 3 m ceiling) for approximately 30 min. We tried to compose a natural environment for passive smoking exposure. Five different groups were formed. They consisted of three volunteer smokers. They smoked filtered cigarette respectively to form study environment. There was always three people who were smoking in the smoking room during exposure. CO concentration was measured using Pulsar Single Gas Detector (Mine Safety Appliances Company, Pittsburg, Pennsylvania, USA). The detector is equipped with an autocalibration feature and it was zeroed in clean air and then CO levels in the smoking room were measured every 5 min for all participants.
Statistical analysis
Continuous variables were tested for normal distribution by the Kolmogorov-Smirnov test and they were normally distributed. All data are expressed as the mean ± standard deviation. The paired Student t-test was used for the comparison of participants before and after passive smoking in all participants. A P value less than 0.05 was considered to be significant. Pearson correlation coefficients examined the degree of association between examined variables. All statistical analyses were performed using the SPSS statistical package for Windows Version 13 (SPSS Inc., Chicago, Illinois, USA).
Results
Characteristics and laboratory parameters of the study group are shown in Table 1 . Mean age of volunteers was 26 ± 2.2 years. As expected, all laboratory parameters were in normal range. Mean CO level in smoking room was 7.6 ± 0.6 ppm. These CO levels were well tolerated by all participants and did not cause any symptoms, such as coughing, tachypnea, dyspnea, anxiety that could affect our findings. All our study participants were asymptomatic and comfortable during exposure. Mean COHb level was statistically higher at the end of the exposure (30th minute of exposure) when compared at the beginning (just before exposure) in all participants (1.8 ± 0.4 vs. 0.5 ± 0.1%, P < 0.05). Table 2 showed the acute effect of passive smoking on BP and heart rate during exposure and the progress of BP and heart rate after exposure. Heart rate and systolic BP measurements at 15th and 30th minute of exposure were higher than at baseline and 5th minute of exposure (88 ± 3.2 and 90 ± 3.7 vs. 76 ± 3.9 and 78 ± 4.5 beats/ min, P < 0.05; 135 ± 1.1 and 136 ± 4.0 vs. 113 ± 5.7 and 115 ± 3.5 mmHg, P < 0.05). They elevated significantly at the same time interval. Diastolic BP was significantly increased at 30th minute of exposure when compared with earlier measurements (90 ± 5.1 vs. 74 ± 2.2, 72 ± 3.2 and 71 ± 4.5 mmHg, P < 0.05). It was determined that heart rate and systolic blood pressure decreased notably at 15th minute and returned to baseline values at 30th minute after exposure (80 ± 1.2 and 76 ± 3.2 vs. 88 ± 4.5 beats/min, P < 0.05; 120 ± 4.4 and 115 ± 1.9 vs. 135 ± 2.2 mmHg, P < 0.05). Diastolic BP decreased significantly at 30th minute and returned to baseline values at 60th minute after exposure (75 ± 3.6 and 70 ± 2.5 vs. 89 ± 4.3 mmHg, P < 0.05). 
Discussion
This is the first study that investigated the acute effects of passive smoking on heart rate and BP during and after exposure in young healthy females. We found that passive smoking increased heart rate and BP significantly and these deleterious effects persisted for a period of time after exposure. Heart rate and systolic BP elevated and decreased at the same time interval, whereas diastolic BP elevated and decreased at different time interval.
Heart rate and systolic BP began to increase significantly at the earlier time of exposure. Both of them remained high during 15 min and decreased to baseline values at the end of 30th minute after exposure. In contrast, diastolic BP increased later and remained high Hemodynamic changes may be related with activation of the sympathetic nervous system. In earlier studies, it was found that systemic BP increased as a result of an increment in heart rate, which was related with direct chronotropic effects and adrenal catecholamine secretion [13, 14] . Inhalation of cigarette smoke could increase afterload and myocardial contractibility by release of norepinepherine, epinephrine, and endothelin-1 [6, 15, 16] . Earlier, it was shown that urinary norepinepherine and epinephrine levels increased after smoking [7] .
The other underlying mechanism may be associated with deleterious effect of passive smoking on endothelium. Earlier studies showed that passive smoking impaired flow-mediated vasodilatation in healthy never smokers in a smoking environment [17] [18] [19] . Vascular endothelial function could rapidly impair even 30 min of exposure to passive smoking [5] . These effects caused vasoconstriction in vessels and an increment in peripheral resistance. It was also shown that passive smoking leads to vasoconstriction in epicardial coronary arteries and this effect was probably associated with a deficiency in nitric oxide bioactivity in nonsmokers [20] .
In contrast, muscular tonus of peripheral vessels has an important role in BP control. Smooth muscle cells are one of the arterial wall components. They are sensitive to acute and active changes. Passive smoking could affect endotheliummediated vascular control in clinically healthy persons [21] . Passive smoking could induce active stiffening in both muscular and elastic arteries by activating sympathetic nervous system. Moreover, it has directional effects on arteries, such as inhibition of prostacyclin production by endothelial cells, activation of platelets, and release of vasopressin [22] [23] [24] [25] . Passive smoking may lead to an increase in BP by elevating smooth muscular tone [26] .
Passive smoking is the most frequent form of exposure to CO. On the basis of earlier studies, it was determined that there may be individuals within the population who display heightened sensitivity to CO in terms of BP. For example, those individuals with mildly elevated BP are usually younger and tend to have an elevated cardiac output [27] . Especially, increased COHb may have caused hypertension in our population.
Our study provides data for the first time that show a correlation between COHb level and acute hemodynamic changes. Furthermore, this association seems to be graded and linear because patients with a higher increment in COHb levels were demonstrated with higher heart rate and BP. This correlation may be related with effect of CO in peripheral vessels. In contrast to effects of oxygen, CO may lead vascular vasoconstriction by rising formation of vasoconstrictor prostaglandins [28] . Increased COHb may lead to ischemia in the vasa vasorum and impair nutrition of the aortic wall. These deleterious effects could affect smooth muscle cell function and cause an increment in vascular tonus and peripheral resistance [29] . In addition to these possible effects, it is well known that COHb levels are associated with the amount of smoke inhaled. So it may be concluded that an increase in the amount of exposure to smoke exacerbated deleterious effects on hemodynamic parameters. Correlation of systolic blood pressure (SBP) measurements with carboxyhemoglobin (DCOHb) values at the end of exposure. DCOHb, difference between baseline and second measurements of COHb. In the light of all these mechanisms, which were discussed above, we think that passive smoking affected diastolic BP primarily because of its deleterious effect on peripheral vessels. It is known that passive smoking impaired the flow mediated vasodilatation and arterial stiffness. These effects could lead to an increment in arterial tonus, so an increase in diastolic BP. When it is considered that passive smoking can impair vascular endothelial function within a half-hour period, it may be thought that diastolic BP increment delayed until these effects had been achieved, whereas, we think that mechanism of systolic BP is different. It was primarily related with an increase of heart rate and cardiac output. Moreover, we determined that heart rate and systolic BP elevated at the similar time intervals. Increased heart rate and cardiac output may be related with activated sympathetic activation and acute response of cardiovascular mechanisms to hypoxia, which was induced by tobacco smoke exposure.
In an earlier study, Mahmud and Feely [30] found that acute exposure to passive smoking increased systolic BP in only males, but not in females, which is contrasting with our results. First of all, their study included only 11 female participants, whereas our study included 30 female participants. So our results are more convenient to be accepted according to larger sample size. Second, there may be a difference in menstrual cycle phase of participants between the two study groups. They did not clarify whether all participants were in a similar phase of menstrual cycle, which may influence cardiovascular responses. In an earlier study it is found that women show different cardiovascular responses to stress in luteal phase and follicular phase, according to progesterone and estrogen levels [31] . All of our participants were in luteal phase of their menstrual cycle in our study. Third, there is a significant difference in CO levels between the two study groups. Mean CO level was 25-30 ppm in their study while mean CO level was 7.6 ± 0.6 ppm in our study. We started our study with higher levels of CO such as 15-18 ppm, but study participants could not tolerate this concentration. Most of them developed symptoms like coughing, tachypnea, dyspnea, anxiety and refused to continue exposure. These situations led to disjointed findings. These disjointed findings may not be appearing in a group with very small sample size such as 10 participants as in the earlier study. We aimed to use CO levels, which did not induce any symptoms, which could affect our findings. So we used lower CO levels in our study. All our study participants were asymptomatic and they tolerated CO levels very well. Therefore, we can easily say that our results were more reliable.
In our study, although participants were exposed to low CO concentration, COHb levels were increased significantly. In an earlier study it was shown that lower CO concentrations led to a significant increment in COHb levels according to the mechanism of alveoli-blood and blood-tissue CO exchange kinetics [32] . In another study, Eissenberg and Shihadeh [33] investigated the effects of smoking one cigarette on CO and COHb levels in chronic smokers with smoking rate of 9.9 cigarettes per day. They determined that CO level increased by 2.7 ppm and COHb level increased by 1.3%, whereas COHb level increased by 1.8% in our study. Moreover, the magnitude of increase in BP was greater in our study group when compared with the magnitude of increase in response to smoking one cigarette as reported in earlier studies. Ilgenli and Akpinar [34] determined that heart rate and BP were increased immediately at 5th minute and returned to baseline values at 30th minute after smoking one cigarette in healthy males. Systolic BP increased to 124 from 112 mmHg and diastolic BP increased to 79 from 73 mmHg in their study while systolic BP increased to 136 ± 4.0 from 113 ± 5.7 mmHg and diastolic BP increased to 90 ± 5.1 from 71 ± 4.5 mmHg in our study group. Furthermore, diastolic BP did not return to basal value until 60th minute after exposure. These results again showed that passive smoking exposes some of the same toxicants as cigarette smoking and therefore share some of the same health risks as active smoking.
This study has some study limitations. One of them is that we did not examine sympathetic nervous system activation by determining level of norepinepherine and epinephrine in blood or urine. In addition, we did not evaluate aortic pressure and arterial stiffness by using noninvasive methods in our study. The other limitation of this study is the small sample size, so further studies with larger sample size are needed to generalize these data to the population.
In conclusion, our results suggested that passive smoking has remarkable acute effect on heart rate and BP in young healthy females. Beside this, we found that DCOHb level is closely correlated with systolic BP and moderately correlated with heart rate and diastolic BP.
